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9 Claims, 6 Drawing Sheets 

70 



U.S. Patent Aug. 9, 2016 Sheet 1 of 6 US 9.412,397 B1 

-as 
30 

20 
-10 

FI C. 1 Pir Or Art 

50 

FIC. 2 Pir Or Art 

40 

30 

20 

- 10 
FIC. 3 Pir Or Art 



U.S. Patent Aug. 9, 2016 Sheet 2 of 6 US 9.412,397 B1 

FIC. 4 Pir Or Art 

  

  



U.S. Patent Aug. 9, 2016 Sheet 3 of 6 US 9.412,397 B1 

FIG. 7 Pr Or Art 

117) 117 117 8117 117,6117 
FIG. 9 Pir Or Art 

  

  



U.S. Patent Aug. 9, 2016 Sheet 4 of 6 US 9.412,397 B1 

FIC. 12 
Pir Or Art 

  

  



U.S. Patent Aug. 9, 2016 Sheet 5 of 6 US 9.412,397 B1 

FIC 13 

30 

A. - is 
4. O 

25 
20 

FIC 14 

FIC. 15 

  



U.S. Patent Aug. 9, 2016 Sheet 6 of 6 US 9.412,397 B1 

70 70 70 

FIG. 18 

  



US 9,412,397 B1 
1. 

METHOD OF FORMING AMAGNETIC 
WRITE HEAD 

BACKGROUND 

1. Technical Field 
This disclosure relates to magnetic write heads that write 

on magnetic recording media, particularly to the fabrication 
of their magnetic coils that create the magnetic fields for 
writing. 

2. Description 
AS hard disk drives have been increasing the recording 

density of the magnetic disks on which data storage occurs, 
the thin-film magnetic heads used to write and read that data 
have been required to improve their performance as well. The 
thin-film read/write heads most commonly in use are of a 
composite type, having a structure in which a magnetism 
detecting device. Such as a magnetoresistive (MR) read sen 
sor is used together with a magnetic recording device. Such as 
an electromagnetic coil device. These two types of devices 
are laminated together and serve to read/write data signals, 
respectively, from/onto magnetic disks which are the mag 
netic recording media. 

In general, a magnetic recording medium, on a micro 
scopic level of composition, is a discontinuous body in which 
fine magnetic particles are assembled and held in place in a 
matrix. Each of these fine magnetic particles has a single 
magnetic-domain structure, so one recording bit is actually 
formed by a plurality of neighboring particles. In order to 
enhance the recording density, therefore, it is necessary to 
make the magnetic particles Smaller in size so as to reduce 
irregularities at the boundaries of the bits. As the particles are 
made Smaller, however, their volume decreases, so that the 
thermal stability of the magnetization may deteriorate. This 
causes a problem. 
An index of the thermal stability in magnetization is given 

by KV/kT. Here, K is the magnetic anisotropy energy of 
a magnetic fine particle, V is the Volume of one magnetic fine 
particle, k is the Boltzmann constant, and T is the absolute 
temperature. Making the magnetic fine particles Smaller just 
reduces V, which lowers K.V/kT by itself, and thereby 
worsens the thermal stability. Though K may be made 
greater at the same time as a measure against this problem, the 
increase in K, also increases the coercivity of the magnetic 
recording medium. However, the writing magnetic field 
intensity produced by a magnetic head is Substantially deter 
mined by the saturated magnetic flux density of a soft mag 
netic material constituting a magnetic pole within the head. 
Therefore, there can be no writing if the coercivity exceeds a 
permissible value determined by the limit of writing magnetic 
field intensity. 
One method proposed for Solving such a problem affecting 

the thermal stability of magnetization is the so-called ther 
mally assisted magnetic recording (TAMR) scheme. In this 
approach, heat is applied to a magnetic recording medium 
immediately before applying a writing magnetic field, par 
ticularly while using a magnetic material having a large value 
of K. The heat then effectively lowers the mediums coer 
civity at the same position where the magnetic writing field is 
applied, so as to enable writing as though it were on a medium 
with lowered coercivity. 

This scheme is roughly classified into magnetic dominant 
recording and optical dominant recording, depending on the 
relative effects of the magnetic field and the optical heating. 
In magnetic dominant recording, the writing is attributed to 
the localized effects of the electromagnetic coil device, while 
the radiation diameter of the incident light is greater than the 
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2 
track width (recording width). In optical dominant recording, 
by contrast, the writing is attributed to the light-radiating 
effect, as the radiation diameter of the incident light is sub 
stantially the same as the track width (recording width). Thus, 
the terms “magnetic dominant recording and "optical domi 
nant recording impart the effects of spatial resolution to a 
magnetic field or a radiation field, respectively. 

In the thermally assisted magnetic head recording appara 
tus, a light source Such as a semiconductor laser is typically 
Suggested as the Source of thermal energy. Light from a light 
emitting device is introduced into an optical waveguide. As 
waveguide material, TaCox or SiON is proposed. The 
waveguide is Surrounded with cladding material, typically 
Al-O, SiON or SiO2. The light is focused by a plasmon 
generator at the distal end of the waveguide, which is usually 
made of highly conductive material Such as Au or Ag. There 
are many kinds of plasmon generators. The light focused at 
the plasmon generator is emitted, as plasmon energy, from a 
light exit and heats the Surface of recording media. 
As indicated above, thermally assisted magnetic head 

recording is a new technology for use in a future (HDD) hard 
disk drive head to achieve higher recording density. To maxi 
mize the effectiveness of this technology, the frequency 
extendibility (range) of the HDD head needs to be improved 
at the same time. The most effective method to improve 
frequency extendibility is to shorten the magnetic path of the 
recording flux. One way to do this is to make a smaller pitch 
coil. 
The prior arts teach several methods to address the prob 

lems of improving coil structure and performance. Hsiao etal. 
(U.S. Pat. No. 7,313,858), Lee et al. (US Publ. Pat. Appl. 
2006/0065620) and Dinan et al. (U.S. Pat. No. 7,117,583) all 
address issues of coil structure, but none provide a method to 
produce the desirable effects of the present disclosure. 

SUMMARY 

The first object of this disclosure is to fabricate a write head 
with a coil that has a smaller pitch and to thereby increase the 
writing frequency of the write head. 
A second object of this disclosure is to provide Such a 

smaller pitch coil by the use of a photoresist etching method 
that eliminates problems found in conventional prior art pro 
cesses that limit the desired pitch reduction. 

These objects will be achieved by a photoresist etching 
method that prevents overplating of the coil material that then 
fills the spaces (trenches) between the coil pattern (see FIG. 6 
for the effects of overplating). The elimination of overplating 
allows the coil layers to be more narrowly spaced (smaller 
pitch) than is presently the case using standard methods of 
patterning and plating. 
The advantages of the present method can best be seen and 

understood by a brief analysis of the process flow of prior art 
methods, two of which will now be discussed: 

a) photoresistive plating; and 
b) conventional photoresist RIE (reactive ion etching). 
Not all the steps will be shown and described here, since it 

is aspects of the final results only that are needed for com 
parison purposes. 

Referring first to schematic FIG. 1, there is shown a side 
view of a fabrication that is ready for a plating of the exem 
plary Cu magnetic coils according to prior art process a). 
Bottom layer 10 is an underlayer typically formed of Al-O. 
A seed layer 20 of Cu has been formed on the underlayer. The 
Cu seed layer will be the basis for the plating of the coils, 
which will also be Cu, but other conductive plated materials 
are also acceptable. 
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Continuing with FIG. 1, a thick layer of photoresist has 
been formed on the seed layer and then patterned to leave 
open trenches 35 bordered by the vertical remaining pat 
terned pieces 30 of the photoresist. Note we will use the term 
“photoresist to refer generally to photoresistive material 
commonly used in photolithography to create patterns for 
thin-film fabrications. 

Referring to schematic FIG. 2, there is shown the results 50 
of plating Cu into the trenches (35 in FIG. 1), followed by 
removal of the photoresist pattern pieces (30 in FIG. 1) and 
the stripping of the Cu seed layer (20 in FIG. 1) from beneath 
the now removed pattern pieces of photoresist. The plated Cu 
coil pieces 50 have a minimum pitch of approximately 1.2L 
(microns), which is a minimum amount dictated by the nature 
of the photoresist patterning process (e.g., effects due to thick 
photoresist layers). It is virtually impossible to fabricate a 
much narrower pitch coil using this method. Because the coil 
“thickness” (the height of the coil) is greater than 11, the 
photoresist thickness must be greater than 2L. The thick pho 
toresist layer limits the narrowest coil pitch to be approxi 
mately 2L. 

Referring now to schematic FIG.3, there is shown an initial 
fabrication structure of prior art method b), which is a con 
ventional coil plating process with RIE (reactive ion etch) 
patterning of photoresist. This process will be shown in some 
what greater detail than that of the processa). 
A Cu seed layer 20 is deposited on an Al-O underlayer 10, 

the Cu seed layer being between approximately 500 A and 
1000A (angstroms) in thickness. A layer of photoresist30 is 
deposited over the seed layer to a thickness between approxi 
mately 2L to 3.5L. The photoresist is then typically baked at 
between approximately 125° (degrees) and 180°C. (Celsius). 
The bake produces a self-planarization (reduction of surface 
height variations), so the upper Surface of the resist layer is 
rendered smooth. Surface height variations of the photoresist 
layer are reduced each time an additional baking process 
occurs. A series of further bakes between approximately 125 
to 180C reduce the photoresist30 surface height variations to 
approximately 1400A and produce a smooth upper Surface. A 
hard mask layer of Al-O, 40, to be used as a pattern for the 
photoresist layer 30, is then deposited on the baked photore 
sist to a thickness of approximately 1000 A. 

Next, referring to schematic FIG. 4, the hard photo-mask 
(simply, hard mask) 40 is about to be patterned using an 
already patterned photoresist layer 50 as shown (the pattern 
ing process of layer 50 is not shown). The hard mask 40 is a 
layer of Al-O, formed to a thickness of approximately 1000 
A. The patterned photoresist layer 50 is formed to a thickness 
of approximately 0.5L over the hard mask to produce the 
patterning of the hard mask. It is noted that the photoresist 
mask 50 used to pattern the hard mask is made thinner than 
would normally be the case because it makes it easier to 
produce a narrower pattern and Smaller pitch of approxi 
mately 0.6LL. A more conventional 2L, to 3.5L photoresist 
thickness would produce a pitch of more than 1.2L. 

Referring now to schematic FIG. 5, there is shown the 
resulting fabrication after the photoresist patterning and 
application of an RIE etching process (arrows, 60) using that 
patterning. Trenches 65 are etched through the hard mask 
layer 40 and the photoresist layer 30, stopping at the now 
exposed seed layer 20. These trenches will serve as the forms 
for plating the coil. The RIE etching process uses C1/BC1 
plasma to etch the openings in the Al-O hard mask 40 and 
then an O based RIE plasma etch 60 is used to create the 
trenches 65. More specifically, the O. etch is an O/Netch at 
a 5/45 sccm rate. It is to be noted that in RIE etching of 
photoresist the chemical etching may be too strong and cause 
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4 
the sides of the trenches to be etched. Therefore, the O flow 
rate is chosen to dilute the O. component of the O/N in order 
to prevent the unwanted side etching. Referring finally to 
schematic FIG. 6, there is shown the plating of Cu 70 into the 
trenches patterned in the photoresist. 
The conventional process described above with reference 

to FIGS. 3-6, produces normal plating within the trenches 
shown in FIG. 6, but if the trenches are wider, as shown in 
schematic FIG. 7, then there is a problem with overplating 80. 
where plated copper residue is redeposited over the tops of the 
trenches. This overplating results from the redeposition of the 
Cu from the sidewalls of the trenches 80. Ideally, the Cu 
plating should originate from the seed layer 20 only, so it is 
necessary to eliminate the sidewalls as an unwanted Source of 
plating growth. It is to be noted that the etching rate to pro 
duce narrow trenches in the photoresist is low, so in order to 
get good etch quality, the wider trenches in the pattern will 
tend to become overetched. This leads to overplating around 
the wider trenches. It will be the process of the present dis 
closure to prevent this overplating. 

Referring now to schematic FIG. 8, there is shown a fab 
rication very much like that of FIG. 5, showing exemplary Cu 
atoms 90 being deposited by plating into a trench 65 and 
impinging (see heavy downward directed arrows 95) on the 
seed layer 20 lining the trench bottom. Arrows 100 directed 
upward towards the sidewalls of the trench boundaries repre 
sent Cu atoms leaving the seed layer and forming re-deposi 
tions 67 along the interior sidewalls of the trench. These 
re-deposited layers will contribute to the unwanted overplat 
ing shown in FIG. 7. 

Referring next to FIG.9, there is shown schematically the 
trenches now filled with the plated Cu material. Arrows 
upwardly drawn from the bottom seed layer 115 and inwardly 
drawn from the sidewalls 117 indicate how the trenches fill 
uniformly, but angled arrows 119 drawn from the sidewalls 
show the origin of the overplated regions 80. 

Referring now to FIG. 10, there is shown the beneficial 
effects of the presently claimed process (which will be 
described in greater detail below), which includes the forma 
tion of an additional thin, non-metallic, insulating 'stopper” 
layer 25 on the seed layer 20. This additional, non-metallic 
layer covers the sidewalls by redeposition 27 during the RIE 
process that forms trenches in the photoresist. The insulating 
stopper layer, which here is a layer of Al-O, prevents the 
growth of Cu outward from the sidewalls as shown in FIG. 8 
because it blocks the redeposition of Cu from the seed layer 
onto the sidewalls where it would act as an additional (and 
unwanted) seed layer. 

However, downward directed Cu (or other) plating atoms 
90 do arrive at the seed layer 20 to produce a desirable plating 
effect. This occurs because just before the Cu plating, a wet 
etch can remove the redeposited layer of Al-O 27 from the 
trench sidewalls and also remove it from the seed layer 20. 

It is important to note that the insulating Al-O does not act 
as a metallic (e.g. Cu) seed layer on the sidewalls and, more 
over, it blocks any redeposition of the Cu which would act as 
a seed layer on the sidewalls. Furthermore, it is easily 
removed by a wet etch. However, if redeposited Cu covered 
the sidewalls (if they lacked the protective Al-O.), there 
would be plating growth outward from the sidewalls that 
would lead to the unwanted overplating of FIG. 9. 

Referring to FIG. 11, there is shown the space between the 
trench sidewalls is now uniformly filled with plated material 
90 that grows upward (arrows 85) from the seed layer. Any 
remnants of Al-O have been removed by a wet etch. 

Referring to FIG. 12 there is shown a pictorial representa 
tion of an upper view photomicrograph illustrating a coil that 
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has not been formed using the present method. There can be 
seen the adverse effects of overplating which prevent the 
forming of a narrow pitch. 

Referring to FIG. 13, there is shown a pictorial represen 
tation of an upper view photomicrograph illustrating a narrow 
pitch coil that has been formed using the present method. In 
this illustration a 300A insulating layer of Al-O has been 
applied over the seed layer. No overplating is observed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of an initial step in a 
prior art photolithographic process to plate Cu coils within a 
patterned photoresist. 

FIG. 2 is a schematic representation showing the coils 
produced using the prior art process of FIG. 1. 

FIG.3 is a schematic representation of the initial formation 
leading to a conventional, prior art coil plating process using 
an RIE etching of a photoresist pattern. 

FIG. 4 is a schematic representation of the next step of the 
prior art process initiated in FIG. 3. 

FIG. 5 is a schematic representation of yet a further step in 
the prior art process shown in FIG. 4. 

FIG. 6 is a schematic representation of the final step in the 
prior art process begun in FIG. 3. 

FIG. 7 is a schematic diagram showing the problem of 
overplating that results from application of the prior art pro 
cess in FIGS. 3-6. 

FIG. 8 is a schematic illustration showing in greater detail 
the causes of the overplating shown in FIG. 7 with particular 
attention shown to the role of redeposition of the seed layer on 
the sidewalls. 

FIG.9 is a schematic illustration showing the illustration of 
FIG.8 with the trenches now filled with the plated material 
and the presence of overplating. 

FIG.10 is a schematic illustration analogous to that of FIG. 
8 but with the presence of redeposited insulator protection on 
the sidewalls such as would result using the presently claimed 
method of this disclosure. 

FIG. 11 is a schematic diagram showing the effects of the 
additional protection in FIG. 10 on the actual plated coil. 

FIG. 12 is an illustration drawn from a microphotograph of 
a plated coil, taken from above, showing the appearance of 
overplating as might result from the effects of FIG. 9. 

FIG. 13 is an illustration analogous to that in FIG. 12 
showing the coils appearance when the overplating is absent, 
as would be the result when using the presently claimed 
process. 

FIG. 14 is a schematic illustration of the first step in a 
process-flow that implements the presently claimed process. 

FIG. 15 is a schematic illustration of the second step in that 
process-flow. 

FIG. 16 is a schematic illustration of the third step in that 
process-flow. 

FIG. 17 is a schematic illustration of the fourth step in that 
process-flow. 

FIG. 18 is a schematic illustration of the fifth and final step 
in that process-flow, leading to a plated coil such as shown in 
FIG. 13. 

DETAILED DESCRIPTION 

We describe a process for fabricating a magnetic write head 
having a plated coil with a narrow pitch that is suitable for 
high frequency recording on magnetic media having high 
coercivity. We also describe the write head that is fabricated 
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6 
using that process. Such a write head is particularly appropri 
ate for use in a TAMR scheme for recording on magnetic 
media having high coercivity. 

Referring now to FIG. 14 there is shown schematically the 
first step in the present process-flow that will produce the 
narrow pitch plated write coil. The illustration shows, in 
vertically ascending order, an underlayer 10, preferably 
formed of Al-O. On the underlayer there is formed a Cu seed 
layer 20 of thickness between approximately 500 and 1000 A. 
On the Cu seed layer is formed an insulating “stopper layer 
25, which in this example is a layer of between approximately 
50A and 400A of Al-O whose purpose is both to protect the 
Cu seed layer from a Subsequent RIE etching process through 
a photoresist layer that will next be formed on the stopper 
layer, and also to provide sidewall protection from the effects 
of redeposition of Cu from the plated Cu coils. 
On the stopper layer 25 is then formed a layer of photore 

sistive material (i.e., photoresist) 30 to a thickness of between 
2L and 3.5LL. This photoresist layer is baked at approximately 
180°C. The baking process has two purposes. First, it insures 
that the photoresist layer is not removed by a wet etch process 
that is used to remove the Al-O stopper layer 25 before coil 
plating. A bake temperature below approximately 150° C. is 
insufficient to produce a photoresist layer that will not also be 
removed by the wet etch. The second purpose of the bake is to 
provide self-planarization. The bake produces a flat upper 
surface of the photoresist. In our discussion of FIG.3, above, 
we noted that a series of baking processes sequentially 
reduced Surface height variations of the photoresist so that a 
subsequent hard mask layer (described below) could be 
advantageously formed on a smooth Surface. 

Finally, a hard mask layer 40 is formed by the deposition of 
approximately 1000A of Al-O on the now planarized pho 
toresist layer 30. This hard mask layer, which will itself be 
patterned by a photoresist layer in the following figure, will 
then be used to pattern layer 30 by a RIE. 

Referring next to schematic FIG. 15 there is shown the 
results of a photoresist patterning 50 of the hard mask layer 40 
that is formed by the deposition of approximately 1000A of 
Al-O, after the 180° C. bake. The patterning is done by the 
formation of a photoresist mask 50 on the Al-O and then 
patterning the photoresist mask while it is on the hard mask 
layer. In conventional photoresistive mask patterning, the 
thickness of the photoresist is between approximately 2L and 
3.5L, because the thickness of the resist must be greater than 
the thickness of the plated coil; but in this process, the layer of 
resist 50 is only approximately 0.5L because it is used for 
hard-mask patterning. This much thinner photoresist thick 
ness is advantageous for the present photo process. The thin 
ner resist is easier to use in making a narrow pattern. 

Referring now to schematic FIG.16, the photoresist pattern 
is used in conjunction with a C1/BC1 plasma RIE to etch 
(wavy arrow 60) through the Al-O hard mask layer 40. Then 
the photoresist layer 30 beneath the hard mask layer is etched 
with an Obased plasma RIE, in which a gas mixture O/N 
is fed at the rate of 5/45 sccm, with the O. component being 
dilute to avoid side etching of the trench sidewalls formed by 
the surfaces of the photoresist 30. During this process, the 
stop layer 25 partially re-deposits (see arrows 100 in FIG.10) 
on the photoresist sidewalls that form the trenches for the coil 
plating process that follows. Note that redeposition of the stop 
layer of Al-O, which is an insulator, on trench sidewalls will 
not adversely affect the Subsequent plating process because it 
does not act as a seed layer for the plating material. However, 
if there is redeposition of Cu (or whatever conductor is being 
used for plating the coils) on trench sidewalls, the Cu will play 
the role of a seed layer there and plated Cu will grow out from 
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the sidewalls as well as up from the bottom of the trench. 
Sidewall outgrowth will result in overplating and must be 
avoided. Any redeposition of Al-O on the resist sidewalls, 
moreover, can be removed by a wet etch process immediately 
prior to the plating of the Cu. 

Referring now to schematic FIG. 17, there is shown that the 
remaining Al-O stopper layer 25 has been removed from the 
seed layer 20 by wet etching and the Cu 70 is plated on the 
resulting exposed portions of the seed layer 20. This wet 
etching can also remove unwanted redepositions of the Al-O 
along the trench sidewalls. 

Referring finally to schematic FIG. 18, there is shown only 
the plated coils 70 remaining after a wet etch to remove the 
remaining Al-O, stopper layer (40 in FIG. 17), followed by a 
resist strip of the trench walls (30 in FIG. 17), followed then 
by a wet etch to remove the remaining stopper layer (25 in 
FIG. 17) beneath the trench walls and, finally, an ion-milling 
operation to remove remnants of the Cu seed layer (20 in FIG. 
17) beneath the stopper layer (25 in FIG. 17). The resulting 
coil structure has a narrow 0.6L pitch, which is the sum of the 
width of the coil piece and the space between adjacent pieces. 
As is understood by a person skilled in the art, the present 

description is illustrative of the present disclosure rather than 
limiting of the present disclosure. Revisions and modifica 
tions may be made to methods, materials, structures and 
dimensions employed in forming and providing a magnetic 
write head having a plated coil of narrow pitch and, therefore, 
being Suitable for high frequency recording on high coerciv 
ity magnetic media, while still forming and providing Such a 
device and its method of formation in accord with the spirit 
and scope of the present disclosure as defined by the 
appended claims. 
What is claimed is: 
1. A method of forming a magnetic write head comprising: 
providing an underlayer, 
forming a seed layer on said underlayer; 
forming an insulating first stopper layer on said seed layer; 
forming a first photoresist layer on said first stopper layer; 
in a first patterning process, patterning said first photoresist 

layer to form a trench defining a plated coil formation, 
wherein said first patterning process eliminates the pos 
sibility of overplating; then 

plating a conducting coil in said trench, said plating being 
characterized by an absence of overplating; and then 

removing said patterned photoresist thereby leaving a nar 
row pitch conductive coil formation. 

2. The method of claim 1 wherein said first patterning 
process further comprises: 
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baking said first photoresist layer using a baking process to 

reduce Surface height variations and planarize said Sur 
face; then 

depositing a hard mask material on said baked first photo 
resist layer, then 

forming a second layer of photoresist on said hard mask 
material; then 

performing a second patterning process on said second 
layer of photoresist; then 

using said second patterned second layer of photoresist, 
etching through said hard mask material using a Cl/ 
BC1 plasma reactive ion etch (RIE); then 

using a O/N plasma RIE. continuing an etch through said 
baked first photoresist layer to create plating trenches 
and expose said insulating stopper layer while also pro 
ducing redeposition of said insulating stopper layer on 
said trench sidewalls; then 

removing said insulating stopper layer from said sidewalls 
and from said seed layer by using a wet etch, thereby 
exposing said seed layer on said underlayer and expos 
ing sidewalls free from redepositions; then 

plating said conducting coil onto said seed layer; then 
removing remaining trench boundaries formed by said first 

photoresist; and 
removing remaining exposed pieces of said seed layer. 
3. The method of claim 2 wherein said O/N plasma RIE 

etch uses a dilute concentration of O. to minimize side etch 
ing of said trenches formed in said first layer of photoresist. 

4. The method of claim 3 wherein said O/N plasma RIE 
etch applies the respective gases at the rate of 5/45 ScCm. 

5. The method of claim 2 wherein said baking process of 
said first layer of photoresist is at a temperature of approxi 
mately 180° C. 

6. The method of claim 2 wherein said baking process of 
said first layer of photoresist is at a series of temperatures 
ranging from 125° C. to approximately 180°C. 

7. The method of claim 1 wherein said insulating stopper 
layer is a layer of Al-O formed to a thickness of between 
approximately 50 A and 400 A. 

8. The method of claim 1 wherein said seed layer is a layer 
of Cu formed to a thickness of between approximately 500 A 
and 1000 A. 

9. The method of claim 1 further comprising the formation 
of a magnetic write pole capable of being energized by said 
narrow coil formation, wherein said magnetic write pole is 
characterized by a short flux path and is thereby capable of 
producing high frequency writing when energized. 

k k k k k 


